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Two WELLS DISCHARGING WATER BY THE AIR LIFT. 








LIDGERWOOD M’F’G CO., 


Boston. 96 Liberty Street, Chicago. 

Philadelphia. New York. Portland, Ore: 

Cleveland, O. New Orleans. 
STANDARD 


Cableways, 







ead Hoisting 
Hoisting and . 
Engines, . poweying 
—_»— " Devices, 


For Canal and Trench Excavating, Dam Construction, Wall and Pier Building, Mining, 
Quarrying, Logging, and General Contract Work. 


FISKE BROTHERS REFINING CO. 


—— HIGH GRADE — 
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SPECIALLY MANUFACTURED FOR 

AIR COMPRESSORS, AIR DRILLS, 

STEAM DRILLS, STEAM ENGINES. 


OFFICE AND SALESROOM: 


59 WATER STREET, 
NEw York, U.S.A. 
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McNAB & HARLIN M’F’G CO.,, 


MANUFACTURERS OF 


BRASS COCKS. 


PLUMBERS’ BRASS WORK, 


Globe Yalves, Gauge Cccks, Steam Whistles and Water Ganges, 


WROUGHT IRON PIPE AND FITTINGS, 


Plumbers’ and Gas Fitters’ Tools, 


No. 56 JOHN STREET, - - NEw YORK. 


Factory, Paterson, N. J. 


Wheeler Condenser & Engineering Co. 


20 & 122 LIBERTY STREET, NEW YORK. 


™) SURFACE 
sia i} CONDENSERS 
MARINE i Mounted on 
and Combined Air 
STATIONARY and 
Circulating 
SERVICE. Seen 








PROPRIETORS AND MANUFACTURERS OF 
WHEELER STANDARD SURFACE CONDENSER; WHEELER ADMIRALTY 
SURFACE CONDENSER; WHEELER LIGHTHALL SURFACE CONDENSER; 
VOLZ PATENT SURFACE CONDENSER AND FEED WATER HEATER ; 
EDMISTON PATENT FEED WATER FILTER. 


WHEELER’S PATENT FEED WATER HEATER. 
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Cc. & G. COOPER CO. 


MT. VERNON, OHIO. 


CORLISS ENGINES. 


CoMPOUND. 





TRIPLE EXPANSION, 
SINGLE CYLINDER. 


Of all sizes up to 3,000 





Horse-power. 


— FOR — 
FACTORIES, RAILWAYS, ELECTRIC LIGHTING, 
ROLLING MILLS, AND ALL KINDS 
OF MANUFACTURING. 





CORRESPONDENCE SOLICITED. 
HOME OFFICE: MT. VERNON, OHIO. 
NEW YORK: Room 1022 Havemeyer Building, F. W. IREDELL, Mgr. 
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J. D, MILLER & CO,, 


TAYLOR BUILDING, 39 & 44 CORTLANDT ST., N. Y. 


COMPLETE POWER PLANTS, 


FOR ALL PURPOSES cence, 


ENGINES, BOILERS, MACHINERY, 
MINING AND MILLING EQUIPMENTS. 








Send for Catalogues and Estimates on what you need. 


) New “Class W”’ 
(Automatic) 


Pressure 
Regulator. 


The only Pressure Regulator satisfactorily 
controlling High Initial Air Pressures. 











In successful service on ALL the AIR- 
MOUTORS yet tested. 


FOSTER ENGINEERING CO.. 
NEWARK, N. J. 
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PNEUMATIC APPLIANCES. 


DRILLS, REAMERS, TAPPERS, 
RIVETERS, CAULKERS, CHIPPERS, 
HOISTS, MOTORS, COMPRESSORS, 


STAY BOLT CUTTERS, SAND SIFTERS, ETC. 





SEND FOR NEW CATALOGUE JUST ISSUED. 


C. H. HAESELER CoO., 
(026-1030 HAMILTON STREET, - - PHILADELPHIA, PA. 
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THE PELTON WATER WHEEL 


Embracing in it variations of construction and application 


THE PELTON SYSTEM OF POWER. 


In simplicity of coastruction, absence of wearing parts, high efficiency and facility 
of adaptation to varying conditions of service, the PELTON meets more fully all require- 
ments than any other wheel on the market. Propositions given for the development of 


water powers based upon direct application, or Electric Transmission under any head 
and any requirement as to capacity. 


Compressed Air Transmission. 


No other wheel is so well adapted to this purpose. Where the head admits, it can 
be attached to compressor shaft direct, and serve for prime mover and fly wheel as well. 


Correspondence Invited. Catalogues Furnished upon Application. Address, 


PELTON WATER WHEEL CO., 
§2-\23 MAIN STREET, SAN FRANCISCO, CAL. 
{43 LIBERTY STREET, NEW YORK. 


BOSTON. NEW YORK. PITTSBURG. CHICAGO, ST. LOUIS. 


ational Tube Works Company, 


MANUFACTURERS OF 


Standard Steam, Gas and Water Pipe. 
Locomotive and Stationary Boiler Tubes. 
Special Flanged Pipe for Compressed Air. 
Pump Columns for Mines. 
Special Light Lap-Welded Pipe, fitted with the 
Converse Patent Lock Joint for Water and Gas 
Mains. 


Cylinders with Dished or Flat Heads for Carbonic 
Acid and other Gases. 


NEW YORK OFFICE: HAVEMEYER BUILDING, 
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AN Important Connecting Link it Compressed All Servite 
he Moran Flexible Joint 


For high pressure, indispensible. 

Tightness, safety, flexibility and durability 
assured, 

Parties making experiments with Compressed 


Air may have the use of the ‘‘Moran Joint,” 


free for a limited time. 





MORAN FLEXIBLE STEAM JOINT CO., 
LOUISVILLE, . - - - . KENTUCKY. 





ESItABLISHED 1838. 


** Our Name and Brand a Guarantee of Quality.” 


High Grade Rubber Goods. 


CHANNELING SPRINGS. 





BELTING. SPRINGS. 
TUBING. MATS. 
VALVES. MATTINGS. 
HOSE GASKETS. 
TUBING. PLAY PIPES. 





LINEN AND COTTON HOSE. 


NEW JERSEY CAR SPRING & RUBBER COMPANY, 
MAIN OFFICE AND WoRKS: 
Wayne and Brunswick Streets, Jersey City, N. J. 


BRANCH OFFIcE: 10 BARCLAy St., NEw YorK. 
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Compressed Air. 


A MONTH" Y PUBLICATION DEVOTED TO THE USEFUL 
APPLICATION OF COMPRESSED AIR. 


W. L.. SAUNDERS, - - Editor and Publisher 
A. E. KENNEY, - Managing Editor 
i; z % oo \ - - Associates 


Subscription, including postage, United States, 
Canada and Mexico $1.00a year. All other coun- 
tries, $1.50 a year. Single copies, ro cents. 


Advertising rates furnished on application. 


We invite correspondence from engineers, 
contractors. inventors and others interested in 
compressed air. 


All communications should be addressed to 
COMPRESSED AIR, 26 Cortlandt St., New York. 


London Office, 114a Queen Victoria Street. 


Those who fail to receive papers promptly will 
please notify us at once. 


Entered as Second-Class Matter at the New York, 
N. Y., Post Office. 


Vor. II. SEPTEMBER, 1897. 


No; 7. 


Experiments with an air motor on the 
Elevated Railroad, New York, are certainly 
novel and interesting. What has been 
done thus far by the American Air Power 
Company with the Hardie motor has 
marked a step much in advance of past 
practice, and further developments in this 
line will be watched with interest by en- 
gineers. 


Attention is called to a valuable paper 
published in this number, entitled ‘‘Com- 
pressed Air: Its Production, Transmission 
and Use.’’ Mr.Wm. Prellwitz, the author, is 
an engineer of experience and well known 
ability in this line; our only regret being 
that he does not more frequently give the 
public the benefit of his knowledge of com- 
pressed air and air compressing machinery. 
His paper is an excellent combination of 
theory and practice, and the subject is so 
clearly stated that it cannot fail to be of 
interest both to engineers and laymen. 


“Liquid Air and Its Uses,’’ by Mr. G. 
D. Hiscox, in the August number of Com- 
PRESSED AIR, was an interesting compila- 
tion of recent articles on this subject. 
Some of the matter was taken from an arti- 


cle by J. E. Seibel in ‘‘Ice and Refrigera- 
tion,’’ May, 1897; also from avery valuable 
paper on the subject written by Mr. E. A. 
Rix and published_in the ‘Electrical En- 
gineer.’’ He was also aided by a letter of 
Chas. DeKay, Consul General, Berlin, Ger- 
many, who made a report on this subject. 





We published in the August number of 
COMPRESSED AIR a description, with illus- 
trations, of the first machine used for the 
production of artificial ice. This machine 
was invented by Dr. John Gorrie, of Apa- 
lachicola, Fla., and its interest and import- 
ance are based upon the fact that the fun- 
damental principles involved by which low 
temperatures were reached are practically 
identical with present theory and practice. 
Dr. Gorrie used compressed air to produce 
cold, and though the important industry of 
refrigeration is now mainly based upon the 
use of ammonia, yet the principles involved 
are the same. Dr. Gorrie in his specifica- 
tions said: 

“Tt isa well known law of nature that 
the condensation of air by compression is 
accomplished by the development of heat, 
while the absorption of heat from surround- 
ing bodies, or the manifestation of the 
sensible effect commonly called cold, ‘uni- 
formly attends the expansion of air; and 
this is particularly marked when it is liber- 
ated from compression. The nature of my 
invention consists in taking advantage of 
this law to convert water into ice artificially 
by absorbing its heat of liquefaction with 
expanding air.”’ 

We neglected to mention the fact that 
the illustrations and interesting description 
given of this apparatus were furnished by 
Mr. GEORGE H. WHITESIDE, of Apalachi- 
cola, Fla., who erected the Apalachicola 
ice factory, and who is now the general 
manager of the Apalachicola Ice Co. 

The substance of Mr. Whiteside’s paper 
was given in a more extended article by 
him which was published in ‘‘Ice and Re- 
frigeration,’’? in May, 1897. 
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Compressed Air: Its Production, Transmis- 
sion and Use. 





An Address delivered at Lafayette College, Easton, 
Pa., by Mr. William Prellwitz. 





Air being such a common subject, re- 

uires no introduction. Compressed air is 
simply air under pressure, or air increased 
in density by pressure cr by heat. It is 
one of the oldest of the sciences, although 
in its general application one of the young- 
est, for it is only within the last thirty 
or forty years that compressed air has been 
used for mining and tunnelling, for which 
no other power was available, and in fact 
in all the early uses of compressed air it 
was only used where it was considered a 
necessity regardless of expense, it having 














AIR, 


The one great loss in the compression of 
air is due tothe heat caused by compres- 
sion and the consequent increase in the 
volume of the air. The minor losses are 
clearance in the air cylinder, the heating 
of the intake air in passing through the 
valves, and the friction of the compressor. 
The first two of these amount to very little, 
and are hardly noticeable in a good ma- 
chine. The last loss mentioned, friction, 
amounts to from 7 to 15 per cent., depend- 
ing to a great extent on the amount of 
care that is taken with the machine. To 
clearly illustrate the work that is done in 
an air cylinder, we have recourse to the in- 
dicator, and the following diagram, Fig. 1, 
shows an indicator card taken from a 
water jacketed air cylinder (the card hav- 
ing the isothermal and adiabatic lines plot- 
ted on same), an examination of which 
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always been termed an expensive power. 
It is true that it takes work to compress 
air, although the writer has heard of in- 
stances where contractors, when the com- 
pressor first became known, wanted to run 
drills on open rock work with compressed 
air, thinking they would thereby abandon 
their boiler plant and save buying coal, 
their idea of a compressor being a machine 
which would furnish air without using 
power, or, in other words, a modified form 
of perpetual motion. It is also true that 
there are losses in the compression and use 
of air to which no attention was paid in the 
earlier machines, and which exist in many 
plants to-day, where, however, the great 
convenience of the air and its saving in 
many other ways, more than make up for 
the loss due to the compressor. 





gives us the actual results obtained. 
Referring to Fig. 1, we have the adia- 
batic or heat line A-B, which represents 
the work done if there were no cooling ef- 
fect in the cylinder, the line A-C repre- 
senting the actual work done in the cylin- 
der, and the isothermal or constant tem- 
perature line A-D, which is the line the 
indicator would make if all the heat gen- 
erated could be carried off during the work 
of compression. : 
This latter condition does not exist in 
our high speed machines of to-day, but 
one can imagine it to exist in a machine 
where the piston travels slow enough that 
all the heat would be carried off by the 
water jacket or by radiation. In following 
the movement of the piston in the cylin- 
der, suppose it start at A, the cylinder 
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then being full of free air, and moves to 
the right, the pressure in the cylinder at 
any point is represented on line A-C. 
When the piston reaches C, it has com- 
pressed the air to the receiver pressure and 
it must then push the compressed air out 
through the discharge valves into the re- 
ceiver. Owing to the weight of the dis- 
charge valves and the tension of the 
springs holding them to their seats, the 
pressure in the cylinder reaches a few 
pounds above the receiver pressure before 
the valves open, as shown at E, and there 
gradually drops to the receiver pressure at 
the end of stroke, the irregularities in the 
line being due to the fluttering of the dis- 
charge valves and the vibration of the in- 
dicator arm. 

The piston having reached the end of 
stroke, comes to a standstill while the 
crank is passing the dead center: and as 
the current of air that held the discharge 
valves open in passing out of the cylinder 
has ceased, the discharge valves close by 
the tension of the springs back of them. 
The piston now starts to recede,—the air 
under pressure that was left in the cylin- 
der due to the clearance space expanding 
until it becomes atmospheric pressure at 
F, when the inlet valves open and the 
cylinder is filled with free air. If the indi- 
cator line follows along the atmospheric 
line, we know that the inlet area is not re- 
stricted and we are getting a volume of 
free air at atmospheric pressure represented 
by the travel of piston from F to A, this 
representing the actual free air capacity of 
the machine. ‘The volume between G and 
F representing the air contained in the 
clearance space, expanded, is lost as far as 
the capacity of the machine is considered; 
and although this air required work in 
compressing it to 75 lbs. pressure, it has 
given out its work in expanding, helag 
to compress the air on the other side of the 
piston. 

The only loss in work due to the clear- 
ance space is that resulting from the small 
amount of cooling that the confined air 
has been subjected to, its volume when hot 
having been a trifle more and having re- 
quired more work to compress it, but this 
is rarely taken into account. We thus see 
that the clearance space in the cylinder is 
not a loss of power, but a loss of capacity, 
which is allowed for by deducting any- 
where from 3 to 1o per cent. of the cylin- 
der volume, according to the design of the 
air cylinder and the length of stroke of 
saine,—it being evident that the longer the 


stroke for the same size cylinder the less 
will be the percentage of clearance. On 
some indicator cards it is noticed that the 
intake air pressure falls below the at- 
mospheric line, showing that the air inlet 
is restricted, or, as is common on air cylin- 
ders having poppet inlet valves closed by a 
spring, the tension of the spring when the 
piston is moving slow at the end of the 
stroke, will close the valves before the pis- 
ton has completed its stroke, so that when 
the end of stroke is reached a partial 
vacuum is formed in the cylinder. Where 
these defects exist, the piston must travel 
a distance as A-O before the atmospheric 
line is reached, and the volume of the 
cylinder would be O-F, instead of A-F, 
making the Ito per cent. allowance for 
clearance necessary, while 3 to 4 per cent. 
should be sufficient on a well designed 
machine. 

The temperature of the air at 75 lbs. 
gauge pressure without any cooling is 419 
degrees, although this is somewhat lower 
in the cylinder, due to the jacket cooling; 
and from actual readings on thermometers 
placed in the discharge pipe close to the 
cylinder, the temperature is from 300 to 
360 degrees, according to the size and 
speed of the machine. 

Referring again to Fig. 1, we have the 
volume C-K-N-G, representing about 25 
per cent. of the free air volume at, say, 340 
degrees temperature, to put into the re- 
ceiver at each stroke of the machine. As 
the receiver is anywhere from Io to 20 ft. 
from the compressor, and as it has a large 
surface exposed for radiation, its tempera- 
ture will be considerably less than that of 
the air leaving the cylinder, which will 
consequently be cooled and reduced in 
volume; and as the air is generally used a 
considerable distance from the compressor, 
it will have reached atmospheric tempera- 
ture by the time it is used and our original 
volume C-K-N-G, when leaving the cylin- 
der, will have shrunk to D-K-L G by the 
time it was used, being then only 16-25 of 
what we would have had had the air been 
used hot directly as it left the compressor. 

This shows us clearly the two most im- 
portant factors where a large saving can be 
effected in the production and the use of 
air,—the first being to cool the air as much 
as possible during compression, and the 
second to heat the air as much as possible 
before using; and although the above dia- 
gram represents the actual conditions of 
many of the small compressor plants in ex 
istence in which the air is used as ex- 
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plained, these losses can be and are suc- 
cessfully overcome in most of our large 
compressor plants of to-day where air is 
being produced and used, with a less ex- 
penditure of coal than if steam were used 
direct, leaving all the saving by the use of 
the air as a clear gain for the operators. 

Turning our attention now to the main 
factor for the economical compression of 
air, which is to cool it as much as possible 
during compression, we having the follow- 
ing styles of compressors for the accom- 
plishment of same, namely: the wet com- 
pressors or those in which water is used in 
the cylinders; the dry or water-jacketed 
compressors, and the compound or stage 
compressor, where the work of compres- 
sion is done in two or more cylinders, the 
air being cooled in passing from one to the 
other. 


COMPRESSED AIR. 


cylinder, causing often the rapid wearing 
of the parts, all of the American compres- 
sors of to-day are made with water jacketed 
cylinders, the loss in economy being more 
than counterbalanced by having a machine 
which will not require the constant renewal 
of parts. 

In designing an air cylinder, the object 
is to get as much of the body of the cylin- 
der and heads jacketed as possible, the 
heads in particular being the most effect- 
ive, as they are exposed to the air during 
the entire length of stroke, while the body 
surface diminishes as the piston travels 
toward the head. ‘The smaller the air 
cylinder the more effective is the jacket, 
for in cylinders of different diameters the 
volume of air they contain is proportional 
to the square of their diameter, while the 
cooling surface is in the direct ratio of the 
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Of the first named style there are two 
forms, one being that in which the water 
is let into the cylinder with the incoming 
air, and the other in which the water is in- 
jected into the cylinder in the form of a 
spray while the air is being compressed. 
In the first form there is a great deal of 
water in the cylinder, which then very 
much resembles a pump, but as the air and 
water do not become mixed, the air is but 
very little cooled, while the water, on the 
other hand, reduces the efficiency of the 
machine by the increased friction in the 
cylinder and the slower speed that the 
compressor must be run at. ‘The water in- 
jection machine, on the other hand, is the 

st known way of cooling the air ina 
single cylinder, but as it still retains all 
the disadvantages of having water in the 


diameter; that is, if one cylinder were 
twice the diameter of the other, it would 
hold four times the volume of air and only 
have about twice the cooling surface, being 
thus only one-half as efficient as the small 
cylinder. Compressors have been built 
where the air cylinder proper was made up 
of a great number of small cylinders all en- 
closed in water, and they have given very 
economical results, but they are expensive 
to build and very liable to get out of order 
owing to the large number of small valves 
required for the many cylinders. 

The most economical way of compress- 
ing air is by doing it in stages; that is, 
using two or more cylinders, compressing 
it to a low pressure in the first, then pass- 
ing it through a cooler cooling it to at- 
mospheric temperature and then further 
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compressing it to a higher pressure, cool- 
ing 1t and compressing it again, and so on, 
depending on the pressure required, the 
two-stage or compound compressor being 
used for pressures between 60 and 300 lbs., 
the three-stage or triple compression be- 
tween 300 and 1000 lbs., and the four- 
stage or six-stage between 1000 and 3000 
lbs., or higher. 

We have in Fig. 2 a combined indicator 
card of a compound compressor, in which 
A-B is the adiabatic, A-D the isothermal, 
and A-F-E-C the line showing the actual 
work done in the cylinder. The low pres- 
sure card is represented by A-F-J-K, the 
pressure reached in same being governed 
by the size of the high pressure cylinder 
and the efficiency of the intercooler. The 
distance, H-M, represents the volume of 
the high pressure cylinder in proportion to 
the low pressure cylinder represented by 
H-A, the diagram showing that the com- 
pression line in the high pressure cylinder 
starts at the isothermal line, showing that 
the air was cooled to atmospheric tempera- 
ture before entering the high pressure 
cylinder. 

The compressed air leaving the low 
pressure cylinder is represented by F-J-H-L, 
and passing through the cooler it shrunk 
in voluine to E-J-H-M, representing the 
size of the high pressure cylinder. Had 
the cooler not been perfect, the air would 
have retained part of its heat, keeping its 
volume consequently larger, and a higher 
pressure would have been necessary in the 
low pressure cylinder, the card then being 
as shown by the: dash-dotted line repre- 
senting more work done in the cylinder. 
This shows the necessity of having a per- 
fect cooler, the important part of which is 
that the air is broken into thin sheets so 
that it can be easily cooled. The air and 
water should also travel in opposite direc- 
tions, so that the air in leaving the cooler 
meets the coldest water, and the cooler 
should also hold a sufficient volume of air 
so that there will be no drop in the intake 
air pressure of the high pressure cylinder. 

Comparing the compound cylinder card, 
Fig. 2, with Fig. 1, it is seen that the 
amount of work represented by F-B-C-E 
has been saved, amounting to about 14 per 
cent. of the total work, or where it took 16 
H. Pp. to compress 100 cu. ft. of free air to 
75 lbs. in a single cylinder, a compound 
cylinder would use 1334. Where air is to 
be compressed to higher pressures, the 
saving in compounding becomes more 
marked,—500 lbs. pressure requiring 40 


H. P. for compressing Ioo cu. ft. of free air 
in a single cylinder, and 30 H. P. in a com- 
pound cylinder, or a saving of 25 per cent., 
this percentage increasing with higher 
pressures, and at 2000 lbs. using four cyl- 
inders for doing the work, the work saved 
over a single cylinder is 45 per cent. 

As the object is to cool the air as much 
as possible during compression, the colder 
the air is to start with the better; thus a 
considerable saving can be effected by tak- 
ing the air supply trom as cold a place as 
possible, carrying the air through a wooden 
box to the compressor. Approximately 
for every 5 degrees that the intake air is 
colder than the air in the engine room, a 
saving of one per cent. is effected in the 
running of the macnine; and as there are 
many days in the winter months where 
there is a difference of 50 degrees between 
the temperature indoors and outside, a 
saving of 1o per cent. can be effected by 
supplying the compressor with the cold air 
from outdoors, instead of using the hot air 
of the engine room. Using cold air in- 
creases the capacity of the machine, a dif- 
ference of 50 degrees in the air used 
amouniing to about Io per cent. increase 
in the amount of air the compressor will 
deliver. eed | 

We have so far in our figures been deal- 
ing with compressed air at sea level where 
the atinosphere hasa pressure of 14 7-10 
Ibs. At higher altitudes the atmosphere is 
more rarefied, representing less pressure 


per square inch, as shown by the following 
table : 


PRESSURE, 


At \ mile above sea level—14 2 lbs. persq. inch. 
“Te a “ in ee “ 


2 —=—P a5 
“ VAL i ‘ 12.66 * +“ “ 
“oy “ ‘ “a 12.02 * “6 “ 
“ “6 ‘ 4 

14% —11.42 * “a te 
+ zig ‘ “ —t10.88 ** “ “ 
‘oy “ “ 4c — 9.88 ** “ +6 


Or an approximate reduction of % lb. per 
square inch for every 1uoo feet of ascent. 
Owing to the rarefied condition of the air 
at high altitudes, it is evident that when 
this air is compressed its volume under 
pressure will be considerably less than if 
the same volume of free air at sea level 
pressure had been compressed to the same 
pressure 

According to Mariotte’s law, the pressure 
of any gas varies in the inverse ratio of the 
volume, the temperature remaining con- 
stant, or the volume of a given quantity of 
gas is inversely as the pressure it supports; 
or representing 
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P’ as being the absolute pressure at any 
point of the stroke, 

P the original absolute pressure, 

V the volume corresponding to the re- 
quired point of the stroke, 

we have for the pressure at any point of 

the stroke, 





or for the volume at any point of stroke 
> 
V=- 
af 


Remembering that in all computations ab- 
solute pressures (pressures above vacuum) 
are to be taken, and not gauge pressures; 
remembering also that the results obtained 
will be in absolute pressures from which 
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or only about 4-5 as much air as when at 
sea level. 

As many air compressors are now used 
at high altitudes, allowance is made for 
this loss by deducting a certain percent- 
age; in the above case, 20 per cent. from 
the rated capacity of the machine, amount- 
ing to 7 per cent. at 4 mile altitude, and 
increasing about 4 per cent. for each addi- 
tional 4 mile of altitude, at two miles the 
loss being about 34 per cent. 

As the volume of air decreases, the re- 
quired power of the compressor also de- 
creases, but the capacity decreases in a 
greater ratio than the power necessary to 
compress, hence it follows that operations 
at a high altitude are more expensive than 
at sea level. At 10,000 ft this extra ex- 
pense amounts to over 20 per cent. 

Having now given a general description 
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the atmospheric pressure must be deducted 
to obtain the gauge pressure. Applying 
Mariotte’s law in determining the differ- 
ence in volume by compressing at sea 
level or at an altitude, suppose we com- 
press one cubic foot of free air at the sea 
level to 75 lbs. gauge pressure, which 
equals go lbs. absolute pressure, we have 
by Mariotte’s law— 


if x 


15 
V>=p or V=- 
go 





Suppose we were compressing air at an 
altitude of one mile, where the pressure of 
the atmosphere, according to our table, is 
12 lbs., we have by the same law— 
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of the work done in an air cylinder, I will 
briefly describe the construction of the air 
compressors that are in general use to-day. 
Probably the simplest and the best ma- 
chine for a small plant is what is known as 
a straight line self-contained machine, in 
which the air and steam cylinders both in 
a direct line are fastened to a common bed- 
plate. 

Fig. 3 shows a steam and air indicator 
card taken from such a machine, from 
which it is seen that the greater part of the 
work in the steam cylinder is done at the 
beginning of the stroke, while in the air 
cylinder it is done at the latter part of the 
stroke. To make this possible where steam 
is to be used expansively, as shown in the 
card, it is necessary to use heavy fly- 
wheels and reciprocating parts on the ma- 
chine, the energy of the steam cylinder at 
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the beginning of the stroke being stored in 
the fly-wheels, which in turn give up their 
energy in compressing the air at the end 
of the stroke. 

The question is often asked, How is it _ 
sible with the same size cy linders to get a 
higher air pressure than the steam pres- 
sureused? By referring to Fig. 3, it will 
be seen that the steam card represents a 
higher mean effective pressure than the 
air card, showing that the steam cylinder 
has done the most work owing to the fric- 
tion of the machine, although the air card 
shows the higher pressure. ‘This is due to 
the energy of the steam cylinder being 
stored in the fly wheels, and where the fly 
wheels are made sufficiently large and 
heavy, no trouble isexperienced in getting 
from 50 to 75 per cent. higher air pressure 
than the steam pressure used; this, how- 
ever, being very poor steam economy, as it 
would be necessary to cut off late in the 
steam cylinder, utilizing very little of the 
expansive power of the steam. For good 
economy, working at about So lbs. steam 
and air pressure, the cylinders should be 
about the same diameter, thus allowing 
from 4 to % cut-off in the steam cylinder; 
or if higher air pressures are required, the 
size of the steam cylinder should be in- 
creased accordingly. 

It must not be understood that a com- 
pressor cannot be built without a fly wheel, 
for there are thousands of such in every- 
day use, by which I refer to the air pump 
used on every locomotive. It would not 
be fair to criticize this machine in connec- 
tion with the duty it performs, for it has 
too well stood the test of years, its light- 
ness and compactness being more valuable 
features than economy in the use of steam; 
but commenting on the same, when used 
in a shop we have but to understand that 
for each stroke of the machine a full cylin- 
der of steam is required at the maximum 
air pressure, comparing which with the 
fly wheel compressor where steam is cut 
off at 4 stroke, shows that the air pump 
has used four times as much steam as the 
air compressor would have used for com- 
pressing the same amount of air. 

Another form of wheelless machine is 
that in which the air cylinder at each 
stroke and after being filled with free air, 
is filled with air at receiver pressure by 
opening the discharge valve at the begin- 
ning of stroke. The air cylinder now has 
a uniform maximum load for its entire 
stroke resembling the water cylinder of 
pump, but this also necessitates a whole 


cylinder of steam at maximum pressure to 
do the work. 

Attempts have been made on wheelless 
machines to use steam expansively by 
making the reciprocating parts, noticeably 
the crosshead, of sufficient weight that 
their momeiitum would compress the air 
at the end of the stroke after the steam 
had been cut off, but a machine of this 
kind can only be designed fora fixed speed 
and pressure, the weight being too heavy 
if run faster, and not of sufficieat weight to 
do the work if run slower,—making in all 
a poor substitute for a machine that is 
called upon to do a variable amount of 
work. From these accounts it is seen that 
the fly wheel is really a necessary part for 
an economical compressor. 

The straight line compressor is made 
with many different arrangements of cylin- 
ders, the steam cylinders, air cylinders or 
both being compounded, but in all of these 
the work of the cylinders is in a direct line 
and the fly wheel uses its stored up energy 
twice in each revolution to overcome the 
maximum load at the end of stroke. 

To more uniformly distribute the work 
during each revolution, the duplex form of 
compressor has been adopted as the best 
type for the larger and better machines. 
This is essentially two straight line ma- 
chines placed side by side with a common 
shaft for the two, the cranks of same being 
set at 90 per cent. toeach other. This 
divides the work through four parts of the 
revolution, making the machine more uni- 
form in its motion and allowing it to run 
slower and with better steam economy 
than a straight line machine, avoiding also 
all dead centers, so that the machine can 
be started up at any part of the stroke. 
The duplex compressor is also made with 
different arrangements of cylinders. the 
best types being those having cross com- 
pound steam and air cylinders. 

These two types of machines are to-day 
considered the standard; but as an aircom- 
pressor is but a steam engine with an air 
cylinder attached, it has probably been 
built in every form, whether horizontal or 
vertical, that a steam engine has ever been 
built. 

In determining the style of compressor 
best suited for the given duty, conditions 
such as the size of plant, cost of fuel, the 
length of time the plant will be used, cost 
of foundations and first cost of machine 
must be considered, for the higher the effi- 
ciency of a compressor the greater will be 
its first cost; but for a permanent plant ng 
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machine can be too good or too economical 
in its operation. 

As air is generally used under the same 
conditions and with the same machinery 
that uses steam, the true way of comparing 
the efficiency of a compressor would be to 
compare the volume of cold compressed air 
that the compressor will furnish with the 
volume of steam the compressor used at 
the same pressure to furnish the amount 
of air. 

Assuming it thus, the efficiency of a 
straight line compressor, non-componnd, 
would be about 60 per cent.: a duplex 
Corliss compressor, non-compound, about 
65 per cent., and a duplex Corliss com- 
pressor with compound condensing steam 
and compound air cylinders with inter- 
cooler, about 90 per cent., or in the latter 
case we would have go per cent. as much 
cold air as steam that was used. If we 
consider for a moment the properties of 
compressed air as compared to steam, we 
find everything in favor of the air, as it re- 
maifis ever ready to be used, regardless of 
the exposed condition of the pipes through 
which it passes, while steam, if carried 
around in uncovered pipes outdoors, con- 
denses very fast, this condensation often 
amounting to from 15 to 30 per cent., so 
that if air was used under these conditions 
it would be more economical than steam, 
without taking into consideration the great 
convenience of the air and the saving it 
effects in the increased running of the ma- 
chinery, less friction, saving of hose and 
oil, and the ease with which all machinery 
and pipes can be handled owing to their 
being alwayscool. We have thus far only 
consideted the use of air when ina cold 
condition, but far greater economy can be 
obtained by heating the air before using, 
as will be explained later on. 

We often read lengthy articles on the ef- 
ficiency of an air compressor plant where 
the compressor and all the pumps and 
hoisting engines or machinery that used 
the air were carefully indicated and figured 
out, and they find that the work the air 
done in horse-power is only about one- 
third of the indicated horse-power of the 
compressor; or in other words, that the 
compressor plant has only an efficiency of 
33 percent. This certainly looks very un- 
favorable for the use of compressed air, 
but it nevertheless is a condition which 
exists, the reason for the same being due 
to the very uneconomical machinery with 
which air is always used, and it is this un- 
economical use of air which has done 
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much to keep it from being more generally 
employed as a power. 

‘The above statement as to the efficiency 
of a plant is, however, misleading, unless 
one takes into consideration as to how the 
power is measured at the compressor and 
how the air is measured in being used. 
The indicated horse-power of the com- 
pressor is the amount of work done in 
compressing the air, using, however, in an 
economical machine the full expansive 
power of the steam, or at the end of the 
stroke when the steam cylinder is ready to 
exhaust, no pressure, and consequently no 
work, is left in same. 

In the pumps, hoisting engines or drills 
using the air, we have, however, a differ- 
ent condition. Here the cylinders are 
filled full of air under pressure, and at the 
end of stroke, when the cylinders open to 
exhaust, the whole cylinder-full of air 
under pressure is allowed to escape into 
the atmosphere, utilizing none of the ex- 
pansive power contained in same; in other 
words, the power is supplied or measured 
at the compressor when used in the most 
economical way, while the air is used in 
the most wasteful way, hence accounting 
for the poor showing; but it must be re- 
membered that the machine which used 
the air would use steam under the same 
wasteful conditions, and would show a 
correspondingly poor efficiency if com- 
pared with the same volume of steam used 
expansively in an economical engine. ‘The 
amount of steam used to compress the air, 
if used direct in the pumps and _ hoists, 
would be but litthe more than enough to 
run the same, and the efficiency of the 
compressor plant would be from 60 to go 
per cent., according to the compressor, 
when compared with the volume of steam 
used, as against 33 per cent. when horse- 
powers are figured. Hence, as previously 
stated, the only intelligent wav of making 
comparisons of the efficiency of the air 
system would be to compare volumes, and 
not horse-powers. 


TRANSMISSION OF AIR, 


Of the transmission of air very little 
need be said, for it is simply carried 
around in pipes, the same as steam or 
water, but being more easily handled than 
either, for no matter what the length of 
pipe, there will be no condensation as 
with steam, and no shock as with water. 
As to the distance that air can be carried, 
that depends entirely on the volume of 
air and the size of pipe, the only loss being 
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a reduced pressure at the end of pipe line, 
caused by friction if the pipe is not of suf- 
ficient size, but at this reduced pressure 
the air has a larger volume, so that the 
loss is not as much as the fall in pressure 
would make it appear. 

Air pipe lines have in different places 
been laid for distances of 15 miles or 
more, but the average pipe lines in tunnels 
and around quarries run from 1000 to 10,- 
ooo feet, for which conditions the pipes 
can generally be made large enough at a 
small expense, so that the friction will 
only amount to a few pounds loss of pres- 
sure. 

As a practical example of what would be 
required, if 1000 cu. ft. of free air com- 
pressed per minute to 80 lbs. pressure, 
was to be carried a distance of 5000 feet, a 
5-inch pipe line would show a loss of pres- 
sure of about 6 lbs., and a 6-inch pipe 
about 2% lbs., all elbows in the pipe line 
increasing the friction. so as few as possi- 
ble should be used. The friction loss may 
be considered for ordinary purposes as 
being proportional to the length of pipe 
and as the square of the velocity of the 
air, twice the volume passing through the 
same size pipe giving about four times the 
friction. 

A receiver should always be placed close 
to the compressor, to better equalize the 
work on same, answering also at the same 
time as a separator, taking much of the 
water and oil out of the air, these dropping 
to the bottom of the receiver, where they 
are blown out at frequent intervals. A 
second receiver should be placed where 
the air is to be used, as the air being still 
further cooled will drop most of its moist- 
ure, which can be again blown out at the 
second receiver, leaving dry air to be used 
in the machine. All pockets in pipe lines 
should be avoided, as they have a tendency 
to hold water and thus retard the free pas- 
sage of the air; and wherever a machine is 
used at the end of a long air pipe draining 
in the direction of same, provision should 
be made for blowing out the water before 
using the air. Should it become necessary 
to pass air through a pipe line, which must 
of necessity have many pockets in same, 
so much water may be held in the pockets 
that very little air pressure would be got- 
ten at the end of the line. Where these 
conditions exist, much trouble can be 
avoided by thoroughly cooling the air 
(thereby taking out all its moisture to a 
temperature lower than that of the pipe 
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through which it will pass, so that the air 
will have a tendency to take up moisture 
in the pipe instead of dropping its water in 
same. By doing this the air pipe will al- 
ways remain free, so that the full air pres- 
sure will be gotten at the end of the line. 
For carrying the air to cranes and hoists 
rubber hose has admirably fulfilled the re- 
quirements, for with the use of quick-act- 
ing couplings or a line of hose wound on a 
drum, every convenience has been ob- 
tained. 


USE OF AIR. 


In the use of air, about the only objec- 
tion that has been offered to the same is 
the freezing up of the exhaust. Whenever 
air is used expansively, it must draw its 
heat from the surrounding objects, and if 
any moisture remains in the air it will 
have a tendency to freeze the same. The 
freezing of the exhaust can be avoided by 
having the air perfectly dry before using, 
hence the object of the receivers. and 
drains; orif this is not possible, a small 
stream of water about the size of a needle 
in the exhaust will have the desired effect. 
As these preventives to frost, however, 
do not add any tothe economy of the sys- 
tem, the only true way of overcoming all 
the tendency of the air to freeze is to re- 
heat the same before using, getting back 
all of the work or the volume of the air 
that was lost in cooling while passing from 
the compressor to where it was to be used. 
This heating of the air is to-day success- 
fully and economically accomplished, the 
heating of same increasing its volume 
from 35 to 50 per cent., this increase cost- 
ing only about one-sixth the amount of 
coal in the heater that the compressor 
used for compressing an equal volume 
of air. 

Heaters in use to-day are made similar to 
a stove where the air in thin sheets passes 
over the heated sides of a jacket, or other 
forms are made where the air passes 
through hot water, both of these having 
been very successful in their application. 


When a compound condensing compres- 
sor, with compound air cylinders produc- 
ing about go per cent. as much cold air as 
steam that was used, has the air reheated 
before itis used, we can easily see how the 
compressed air plant can claim to have an 
efficiency of about 20 per cent. more than 
if steam were used direct, regardless of the 
many other advantages and conveniences 
that are due to the air. 
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The Air Motor. 


A TRIAL TRIP ON THE ELEVATED RAILROAD, 
NEW YORK. 





The Hardie Air Motor, which was built 


by the American Air Power Co. to demon- 


strate the possibility of using it to draw 
trains on the Manhattan Elevated Rail- 
road, New York City, was put into service 
on Thursday evening, Aug. 19, and a pub- 
lic test of it was made by taking a train 
loaded with over the Sixth 
Avenue road from Rector street to Fifty- 
eighth street and back to Cortlandt street. 

The motor, with five attached, 
started a little after nine o’clock. Robert 
Hardie, the inventor, was in charge of the 
engine, having a regular engineer as pilot. 

The train followed a regular train and 
made the run in Ig minutes, this being 3 
minutes faster than the scheduled time. 
The time on the return trip, making all 
stops, was 26 minutes. 

Among the passengers were a large num- 
ber of representative railroad men and men 
compressed air 


I92 persons 


cars 


interested in matters. 
Everyone admitted that the trial was most 
successful and all that could be desired. 
The Hardie Compressed Air Locomotive 
in its main features of construction is sub- 
stantially identical with that of the steam 
locomotives in use by the Manhattan Rail- 
way. Its length is the same, its driving 
wheels the same, but its maximum weight 
when manned and ready for service is less 
than that of the steam locomotive. The 
wheel base of the driving wheels being six 
feet instead of five feet as on the steam lo- 
comotive, makes it permissable to place a 
greater weight on the drivers than is allow- 
able on the steam locomotives, without in- 
creasing the strain on the structure, thus 
giving it increased tractive power and en- 
abling it to take the sharp curves on the 
line easier. The cylinders are 13 inches in 
diameter by 20 inches stroke, and the 
valves are specially designed. The variable 
cut-off is controlled by a hand wheel in 
place of the notched quadrant used on the 
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steam locomotives. Two independent ways 
are provided for applying the air brakes, 
and in addition the locomotive has a com- 
pressed air-driving wheel-brake of novel 
design, thus affording additional security 
against accident. In place of the boiler 
and firebox of the steam locomotive, there 
is a bundle or nest of seamless steel flasks, 
g inches in diameter and about 15 feet long, 
having a total capacity of about 150 cu. ft., 
in which the air compressed to 2400 lbs. 
pressure per sq. inch, is stored. In opera- 
tion, the compressed air passes from these 
flasks through a regulating valve and is de- 
livered at a uniform into a 
pressure receiver, where the air is re-heated 


pressure low 
by passing through hot water and is then 
applied to the cylinders at a uniform work- 
ing pressure of 150 lbs. per square inch. 
The method of storing the air reducing 
the pressure, re-heating and controlling, as 
well as the application to the cylinder, is 
the result of many years of study and ex- 
perimental work by Mr. Hardie, whose 
efforts have been unequalled. 

The air to charge this locomotive is com- 
pressed at 100 Greenwich street by an 
Ingersoll-Sergeant four-stage compressor, 
and conveyed by pipe line through Green- 
wich street to Rector street, and thence up 
Rector street to the Sixth Avenue Elevated 
structure, to the point where the steam 
locomotives take their water. It 
take any more time to charge this locomo- 
tive with air sufficient for a run to Fifty- 
eighth street and back, than it does to take 
water on an ordinary steam locomotive. 
The Mannesmann tubes furnished by Chas. 
G. Eckstein & Co., 45 Vesey street, New 
York, are in use both on the motor and in 


does not 


the power house. 


Mr. Chas. G. Eckstein, of the firm of 
Chas. G. Eckstein & Co., New York, who 
has for some time past made a study of the 
development of the use of pneumatic tools 
in this country, has just opened a branch 
office at 58 Spandauer Strasse, Berlin C., 
Germany, for the introduction and sale of 
pneumatic tools and specialties in this line. 
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Water Works at Dixon, Iil. 


The water supply at Dixon, IIl., is de- 


rived from three artesian wells, seven 


inches in diameter, and from 1630 to 1800 
ft. deep. the wells flow into a 
reservoir of 500,000 gallons capacity. When 


Two of 


the reservoir is empty, these two wells 
flow at the rate of 566 gallons per minute, 
but when it is full and the well tubing 
submerged, the flow drops to 123 gallons 


PUMPING 
per minute. 

While this amount of water, together 
with the flow of the third well, is sufficient 
for ordinary requirements, it was not ade- 
quate during the summer months, and to 
increase the supply at a minimum expense, 
it was decided to install the air lift system. 

The air compressing plant was furnished 
by the Ingersoll-Sergeant Drill Co.,. of 
New York, and included a Class ‘‘A”’ 
Piston Inlet Air Compressor, having 14” 
diameter steam cylinder, 164%" diameter air 


PLANT 


AIR. 294 
cylinder with 18” stroke. 

At a recent test of the two wells flowing 
into the reservoir, they were able to secure 
1261 gallons of water per minute by the 
air lift, with the reservoir empty, and 1212 
gallons per minute with the reservoir full 
and the well tubing submerged. This in- 
crease is equivalent to almost ten times the 
flow of the wells under the latter condi- 
tions. ‘The compressor is operated at only 
56 revolutions per minute. 





AT DIXON, ILL, 


The accompanying illustration shows the 
engine room at the water works station. 
The large Gordon & Maxwell pumping en- 
gine shown in the illustration has a capac- 
ity of 2,500,000 gallons in 24 hours, while 
the small compressor to the left, running at 
only 56 revolutions per minute, is pumping 
nearly four-fifths of this amount from only 
two wells. If connected to all three wells, 
the compressor would readily deliver into 
the reservoir all the water the large pump- 
ing engine could possibly handle. 
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Pumping Water by Air. 


While much has been said of the 
Air Lift and its advantages over other 
systems of pumping water, it is not 
always clearly understood what such 
an outfit consists of, and we therefore 
give the following illustration. 

As will be seen, the outfit includes 
an air compressor, which may be either 
steam-actuated or belt-driven; an air 
receiver to equalize the flow of air to 
the well, and the piping in the well. 

The compressor is located in the 
engine room, where it is always under 
the eyes of the engineer; and as com- 
pressed air can be conveyed for miles 
without loss, the well may be any dis- 
tance away. 

The air receiver may be placed either 
inside or outside of the engine room, 
whichever is preferable. If located 
outside, the pressure gauge can be at- 
tached to one of the walls of the en- 
gine room. 

The method of piping a well differs, 
we are told, according to its general 
conditions and the quantity of water 
to be pumped. No two wells are alike, 
and consequently the method of piping 
which might be applied to one would 
be unsuited to another. This, how- 
ever, is not very generally understood. 

In the accompanying illustration 
the method of piping consists of using 





the well casing as the water discharge 
pipe and simply putting a small air 
pipe down7in the}well, with a special 
device attached*at the bottom through 
which the air escapes. Another method 
consists of placing the air and water 
pipes alongside of one another in the 
well, connectiug them at the bottom 
with an end piece. A third method 
places the water discharge pipe into 
the well, the air passing down through 
the annular space between the well 
casing and the water pipe. While 
each is_different from the other, yet 
the principle as patented by the late 
Dr. J. G. Pohle is the same—i. e., the 
water is raised by compressed air. 

The advantages of the air lift system 
appear numerous. At the Fort Madi- 
son, Ia., Water Works, it pumps 
3,000,000 gallons of water a day froma 
well 12” in diameter and only too ft. 
deep. At the Charleston, S. C.,Water 
Works about 300 tons of quicksand 
was raised with the water. This would 
not have been possible with any other 
pump. At the Ocean Grove, N. J., 
Water Works twenty wells are oper- 
ated by one compressor; the wells are 
widely scattered, and some of them 
are almost half a mile away from the 
engine room. At the Asbury Park, 
N. J., Water Works it helps to purify 
the water by precipitating the iron 
with which it is strongly impreg- 
nated. 
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COMMUNICATIONS. 


Under this heading will be published inquiries 
addressed to the Editor of COMPRESSED AIR. We 
wish to encourage our readers in the practice of 
making inquiries and expressing opinions. 

We request that the rules governing such cor- 
respondence will be observed, viz: all communi- 
cations should be written on one side of the paper 
only : they should be short and to the point. 


Overloading Compressors. 


Editor ‘‘ Compressed Air.”’ 

There is a source of heat, produced in 
the air cylinders of a compressor, due to 
overloading, which is often attributable to 
the over-work put on the air receptive 
devices. 

The internal effects of excessive de- 
mands for air upon a compressor are some- 
what similar to those made on an electric 
generator, or the overloading of an electric 
motor—i. e., to produce undue heat; and, 
for efficiency and safety, a compressor and 
driven devices should be operated as skill- 
fully as electrical machinery. 

While the additional volume of air re- 
quired does not increase the pressure, nor 
the temperature due to pressure, yet it in- 
creases the friction through valves and on 
cylinder walls. This, augmented by !ack 
of working freedom of valves, may assume 
serious proportions. 

It is a noticeable fact that not a few sta- 
tionary engineers are somewhat indifferent 
as to the amount of work they expect from 
a compressor, though at times overloading 
is momentarily beyond their control. 


HERTFORD C. CHAMP. 
New York. 


Editor ‘* Compressed Air’ : 

DEAR S1rR-—I am very much interested in 
the discussion now going on in your very 
instructive little magazine, COMPRESSED 
AIR, on the subject of explosions and fires 
in air compressing engines and air receiv- 
ers. AsI have had considerable experi- 
ence in the handling of compressors, I 
give you my idea as to the cause of some 
of the explosions that occur in this type of 
machinery. 

Some ten years ago, during the construc- 
tion of the New York Croton Aqueduct, I 
had charge of the machinery at Shaft No. 
16, Section 8. We had a duplex air com- 
pressor at work with air cylinder 18" diam- 
eter x 30" stroke, and maintained a work- 
ing air pressure of from 80 to 90 lbs. per 
square inch. ‘The compressor was of the 


ordinary poppet valve type, and we had 
the usual trouble with this type of valve— 
that is, one or more of the valves would 
stick, due to the carbon deposited on 
them. The oil used was the best obtain- 
able for this purpose, and was recommended 
by the manufacturers of the compressors. 
The air receiver (horizontal) was situated 
outside of the engine house and was ex- 
posed to the hot rays of the sun. On one 
occasion, in passing the receiver, I noticed 
that the rubber gasket between the flanges 
of the air discharge pipe and receiver was 
on fire, and the pipe itself was red hot. I 
stopped the compressor soon as possible 
and took the manhole plate off receiver 
and found the inside on fire. We got out 
the fire hose and soon had the fire under 
control. After the receiver cooled off we 
made an examination to find out, if possi- 
ble, what was the cause of the fire, and 
found the entire interior of the receiver 
encrusted with carbon at least %%" thick. 
In the meantime, while we were fighting 
the fire, several miners who had been run- 
ning rock drills in the tunnel were knocked 
out by the fumes of the burning carbon 
and brought to the surface in an insensible 
condition. This being our first experience 
of this kind, we were at first at a loss to 
account for the fire. We started to inves- 
tigate, and were not long in discovering 
the cause. Asstatedin the foregoing, the 
air cylinders were provided with the ordi- 
nary poppet valves, and frequently several 
of them would stick, and when the engi- 
neer would notice that they did not work, 
would take a squirt-can filled with kerosene 
vil and squirt a quantity of the oil at the 
valves to cut the sticky substance; the oil 
was immediately drawn into the cylinder, 
and being of a very low flash test, would 
quickly vaporize, and when the conditions 
were just right would ignite and cause an 
explosion or fire. I have since noticed 
that this habit of using kerosene oil as 
above stated is quite a common practice 
with engineers who run poppet valve com- 
pressors. I have no doubt that this is the 
cause of many of the fires and explosions 
that take place in compressed air engines. 
Yours truly, 
PHILIP WEISS. 
NEW YoRK, Aug. I9, 1897. 

Editor ‘‘Compressed Air’ 

DEAR SIR: We have before us your is- 
sue of July, 1897, and in it we note remarks 
in reference to ignition in air cylinders of 
air compressors. This to us is a very inter- 
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esting subject, and, as you know, we have 
devoted a great deal of time and money to 
it, and we are ylad to place before you 
some few facts which may interest your 
correspondents. 

That the occasional occurrence of fire in 
air compressors is due to the oil present, 
there can be no doubt, as the oil is the only 
substance present which can burn; and in 
this connection we beg to say that the 
cause of this difficulty cannot be laid tothe 
oil alone, although it is a well known fact 
that an inferior oil which contains a large 
amount of carbon and other foreign sub- 
stances can readily cause explosions. 

That certain structural features of a given 
machine may facilitate or retard combus- 
tion of the oil, will, we think, appear from 
what follows: 

The fact of an air compressor drawing 
the air from whatever location the com- 
pressor may be in, naturally necessitates 
the presence in the air cylinder of whatever 
foreign substance there may be in the at- 
mosphere. For instance, in acid or alkali 
works, coal mines, copper mines, or other 
places of a similar character where there is 
an unusualamount of dust or foreign sub- 
stance in the atmosphere, which being 
drawn into the air passages of the machine, 
combines with the excessive amount of 
residuum or carbon left behind through 
oxydation, forming a substance for fire to 
feed on, the fire resulting from causes 
herein set forth. 

Our experience is, that the greatest 
amount ot oxydation takes place at the 
point where the air passes from the cylin- 
der into the discharge pipe. The result is 
that continued oxydation naturally de- 
cyeases the size of the aperture at the 
mouth of the discharge pipe, and more air 
is compressed in the cylinder than can pass 
through the discharge pipe—the result 
being the re-compressing of the air, and an 
increased amount of friction, also an ab- 
normal degree of heat in the air cylinder. 
The result from such cause is very ap- 
parent. 

As to the oil, it should have the least lia- 
bility to oxydize that it is possible to se- 
cure. The flash point should be as high as 
good lubricating qualities will permit. 
What is the flash point? It is that degree 
of heat at which some constituent part of 
the oil passes off as vapor, which vapor 
being inflammable, will ignite if brought 
in contact with fire. 

The mere raising of the temperature of 
an oil to its flash point will not produce ig- 


nition Another cause must be presented 
to produce ignition of the vapors.  In- 
deed, such a cause may operate before the 
flash point is reached, as in the case of 
sawdust saturated with linseed oil. The 
cause referred to is, according to the writ- 
er’s experiments, oxydation of the oil. 

Combustion, so far as we have to con- 
sider it, is in this case the rapid union of a 
substance with oxygen with the presence 
of aflame. There can be, of course, re- 
peated oxydation without flame, but if the 
action be sufficiently repeated, heat enough 
will be generated to sct the substance on 
fire. Then if a considerable quantity of 
inflammable vapor be present, an explo- 
sion is likely to follow. 

To furnish an oil which shall resist the 
relatively large quantity of highly heated 
oxygen (at a pressure of 45 lbs., three 
times as great on a given surtace as at the 
pressure of the air), isa matter which re- 
quires special study and facilities. 

We have made a special study of the re- 
quirements of an oil which shall reduce 
the chances of the possibility of spontane- 
ous combustion to a minimum, and where 
such facts have been present, by the use 
of our material, a great deal of this serious 
difficulty has been avoided. 

Should any or your subscribers wish to 
correspond with us further regarding this 
matter, we would be very glad to do so. 

To sum up: Use an oil as little likely to 
spontaneous combustion as it is possible to 
secure it. Have as few places where the 
oil can lodge in the machine as possible; 
in other words, have as few joints and as 
few turns in your pipes as it 1s possible to 
have, as it is a well known fact that where 
air strikes a surface in turning past a joint 
or elbow, friction is the result. 

It is also very necessary to avoid the free 
use of oil. Use just as little as possible. 
There is a strong tendency on the part of 
engineers to use too much oil, simply be- 
cause they want to be sure of having 
enough—on the principle that it is better 
to have too much than too little. 

In this month’s COMPRESSED AIR we find 
another article bearing on this same sub- 
ject, and the writer begs leave to say, that 
‘to our minds, it is a very unsafe thing to 
attempt to cleanse a cylinder with soft soap 
and water, unless an abundance of water is 
used after the operation to cleanse the cyl- 
inder very thoroughly.” 

Kerosene is still more dangerous; so the 
only safe method to pursue (to our minds) 
is to use oil as little liable to carbonize as 
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possible, and to remove and clean the 
valves at short intervals. 

We feel that our experience in the manu- 
facture of a suitable lubricant will at least 
justify the consumer in making a few ex- 
periments. Very truly yours, 


FISKE BROTHERS REFINING CO. 
The Hogan Water Tube Boiler. 


There is before us a tabulated report of a 
ten hours’ test run of two Hogan Water 
Tube Boilers (manufactured by the Hogan 
Boiler Co., of Middletown, N. Y.), in oper- 
ation at Jerome Park Reservoir, Fordham, 
New York city, the figures of which so 
greatly impress us that we think they 
will interest the readers of CoMPRESSED 
AIR, together with some deductions there- 
from. 


The test was made by Messrs. Young- 
love and Vreeland, of Sibley College, 
Ithaca, N. Y., under the auspices of the 
Faculty of the College; the ends sought 
by the promoters of the test being purely 
educational and scientific. 

These boilers, aggregating 550 H. P., 
were put to work in 1896, one in March, 
the other in August of that year. They 
had been in continuous use, and they were 
tested at every-day working pressure. 

The machinery plant consists of one 
Duplex Corliss Condensing Air Compres- 
sor. 

There was burned in the ten hours’ run, 
9284 pounds of ordinary bituminous coal. 
Per pound of dry coal the boilers showed 
an evaporation of 9.11 pounds of water, or 
from and at 212" an evaporation of 10.71 
pounds of water; the equivalent evapora- 
tion from and at 212° was 11.95 pounds of 
water per pound of combustible. 

The efficiency shown was 78.1 per cent. 
The average steam pressure was 116.5 
pounds. 

These figures throughout show high 
economy; but it is not until we take into 
consideration the conditions under which 
the test was made, that the high results 
obtained are made manifest. 

As before stated, one of these boilers 
had been in continuous service 14 months, 
the other 8 months. This and the fact that 
they were taken in hand by the experts in 
their everyday working condition and 
were fired with everyday working coal, 


gives additional emphasis to the foregoing 
figures. It is established custom prelimi- 
nary to testing boilers to thoroughly clean 
them for soot and scale, no matter how 
short a time in use, and it is also custom- 
ary, in order that high results may be had, 
to fire with selected coal. In this test, 
however, not only is it the fact that neither 
of these boilers were given any attention 
rior to the test being instituted as to their 
internal condition, whether for scale or 
soot; and, moreover, it is the further fact 
that they had not been cleaned for scale, 
external or internal, at any time between 
the hours of the test and the dates upon 
which they were first fired, viz., one in 
March, 1896, the other in August, 1896. 

It is equally true that they had never 
been treated with any sort of compound, 
or nostrum, for the prevention of scale ac- 
cumulation. 

We have every reason for knowing that 
the high efficiency shown by these boilers 
in April under this test is still preserved; 
and inasmuch as no loss of efficiency had 
resulted through their taking on scale in 
the periods in which they had been at 
work, it is reasonable to conclude that 
they never will lose in efficiency from that 
cause. 

The percentage of moisture in steam was 
2.1 per cent. at engines, which were 75 
ft. from boilers. 





Mr. Harlan P. Wellman, of the Ashland 
& Catlettsburg Railway Co., Ky., has re- 
cently patented various attachments for 
electric railway cars, embodying the use of 
compressed air. One device is intended 
to effect the automatic lowering of a trol- 
ley pole in the event of the wheel jumping 
the trolley wire. The wheel being auto- 
matically brought to a line beneath the 
trolley wire, re-engagement with the latter 
can be readily accomplished. 

Another device patented by Mr. Wellman 
contemplates enabling the reversal of the 
position of the trolley pole without requir- 
ing an attendant to leave the car. 

In all these forms.the inventor stores the 
compressed air in a reservoir beneath the 
car, from which itis led to suitable mechan- 
ism on the car roof, this mechanism being 
the embodiment of simplicity. 
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PNEUMATIC APPLIANCES. 


PATENTS GRANTED AUGUST, 


Specially prepared for CompRESSED AIR from the 
Patent Office files by Gratton L. McGill. 


1597. 





588,246.—Air Compressor. Ira H. Spencer, 
Hartford, Conn. Assignor to the 
Spencer Motor Co., same place. 

An air compressor embracing a piston 
cylinder, a valve-actuating member carried 
by the piston, and a water-distributing ap- 
paratus having two annular chambers lo- 
cated one within the other. The outer 
chamber is divided radially and trans- 
versely to form water-way compartments, 
one of which constitutes an exhaust com- 
partment and communicates with the in- 
terior of the valve-chamber, another of 
which communicates with the cylinder and 
the interior of the valve-chamber, while a 
third communicates with the interior of 


the valve chamber, and has a sup- 
ply-inlet. The outer chamber also has 
two independent water-ways controlled 


by the movements of a valve for effecting 
communication between the middle por- 
tion and opposite end portion, alternately, 
of the valve-chamber. A rotary recipro- 
catory valve is provided for alternately es- 
tablishing communication between the 
water-supply compartment and the outer 
cylinder, and the opposite ends of the 
valve-chamber. It is tormed with ports and 
a suitable flange for cutting off and estab- 
lishing, alternately, cominunication — be- 
tween the piston cylinder and the water- 
supply compartment. Suitable means, de- 
signed to be controlled by the strokes of 
the piston, are employed for effecting al- 
ternately opposite rotative movement of 
the valve. 
588,509.—Hot-Air Motor.—William Trew- 
hella, Trentham, Victoria. Assignor 
to the Trentham Engineering Com- 
pany, Limited, same place. 

The inventor provides, in a hot-air en- 
gine, a vertical power-cylinder, having a 
combustion chamber in the lower part 
thereof; two pistons working in said cylin- 
der, anexhaust duct leading to the com- 
bustion chamber, and a valve for such 
duct. A regenerator is interposed between 
this valve and the combustion chamber, 
and a cold-air pipe leads from the space 
between the regenerator and the exhaust 
valve to about the centre of the power 
cylinder. A suitable governor for control- 
ling the exhaust valve, and means for im- 


parting relative movements to the pistons 
are also employed. 
589, 190.—Apparatus for Compressing Air. 
Edwin C. Nichols, Topeka, Kansas. 
In a compressed air apparatus is em- 
ployed a conductor, comprising a hollow 
wheel having a hollow, perforate crank- 
wrist, a hollow siaft having openings 
within the wheel, and a compressed air 
conductor connected with the crank-wrist. 
A wheel is located at each end of a sluice, 
and horizontal air-conducting pipes having 
closed ends are journaled upon the crank- 
wrist and connect the wheels at opposite 
ends of the sluice. A water energized air- 
compressor is located within the sluice and 
has induction pipes connected with the 
horizontal air-conducting pipes on the 
wheel. 





588,825. — Pneumatic Water-Elevator. — 
John Haas, Chicago, II. 

A pneumatic water-elevator, embracing a 
water pipe, an air pump, and a pipe con- 
nected with said pump, and having one 
end communicating with the interior of 
the water-pipe near the lower end thereof. 
A valve for regulating the passage of air in 
the air pipe is conveniently located A 
tank or receptacle into which the water 
pipe opens is provided with an outlet or 
discharge pipe for the water, and a perfor- 
ated plate or diaphram is arranged across 
the interior of this tank at one side of the 
discharge spout. A pipe connects the upper 
portion of this tank with the air pump. 


588,908.—Pneumatic Conveyor.—Arthur P. 
Heslop, Anaconda, Mont. 

In connection with a casing having inlets 
for air and a discharge pipe leading there- 
from, the inventor employs a hollow hub 
rotatably mounted in said casing avd fan- 
blades projecting from said hub; the latter 
being divided into a plurality of chambers. 
A aischarge pipe extends outwardly from 
each of said chambers and a_ feed-pipe de- 
livers material into the hollow hub. 





587,704.— Valve for Air or Gas Compressors, 
&c.—James Clayton, Brooklyn, N. Y. 
This invention comprises a poppet-valve 
having a valve-head and a main guiding 
stem. A facing disk fitted to the valve- 
head is provided with a plurality of stems 
which pass through holes in said head and 
are loosely secured thereto outside of the 
main stem. An elastic cushion is located 
between the head and facing disk. 
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POHLE AIR LIFT PUMP. 


A view of one in operation at the Henry Lang 





Co.'s Leather Factory at Newark, N. ]., pumping 


10,000 gallons of water per hour. 





SEND FOR CATALOGUE fo 73. 


THE INGERSOLL-SERGEANT DRILL CO., 


PNEUMATIC DEPARTMENT, 


vy 


HAVEMEYER BUILDING, - - - - NEW YORK, 
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The Only Sanding Device 


Giving Sand to both 
Front and Back 
Drivers. .... 









No change in Sand 
Box Saddle when 
applied to Old 


No delay 
to Engine for 
it can be applied 
in six hours. 








Western Ry. Equipment Co. 


ST. LOUIS, MO. 





yyto those using compressed air in their works, it will 
probably be a matter of interest. to know, that we 
are now selling for ($50) Fifty Dollars Net a Complete 
Whitewashing and Painting Machine, for using one 
nozzle, of the same capacity, as those used in spraying 
**Red Lead Paint’’ on the lron work of the New U. S. 
Appraiser’s Stores in this City. Asan item of informa- 
tion we will say, the entire expense for doing this work 
was less than would have been the cost of Brushes to do 
this same work! and the work is better done than could 
have been done by hand—for further information write 


to 
TURNER MACHINE CO., 
35 W. 14th Street, New York. 
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MANCHESTER, N. H., Aug. 21, 1897. 
COMPRESSED AIR. 
GENTLEMEN: With this I enclose order 


and one dollar P. O. order for my subscrip- Would you like to make 
tion to COMPRESSED AIR. I think much 


PRE > 
of this publication. some extra money: 
Yours truly, A. G. STEVENS. We will give a very liberal commission 
a a ee - to any one who can make upa club of 
ten subscribers. 
G, WILFRED PEARCE, Write for terms, 
, COMPRESSED AIR, 
Electrical, Steam and 


26 Cortlandt Street, N. Y. 
Compressed Air Apparatus, 


ST. PAUL BUILDING, NEW YORK. 


Trime Giant Pipe Wrench 


The strongest, safest and most 
durable Pipe Wrench in the 
= world. Made and adapted for 


“ ‘ all kinds of work as well as 
J hard or rough usage. Send for 
catalogue of Trimo tools. 


TRIMONT MANUF’G CO., Roxbury, Mass. 
FOR SALE BY ALL JOBBERS. 
DPR PIII DEPP DPA PDP LS 


tmpre Engine & Motor Co, 


26 CORTLANDT ST., NEW YORK. 


OLA hhh 


Reamers that Wont get Stuck or Break Down. 


DRILLING AND TAPPING MACHINES THAT REVERSE. 


























Hoists that Will Hold a Load, Without Depending on the Air 
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MACHINES SENT ON TEN DAYS TRIAL. 
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United States Metallic Packing Co., 


PHEAIILTADELPYPHIA, PA. 





Manufacturers of the most economical Air Tools in the market, such as 


PNEUMATIC a 
DRILLS, 
TRACK SANDERS, 
BELL RINCERS. 
METALLIC PACKING FOR ALL KINDS OF SERVICE. 
CHICAGO OFFICE: OFFICE AND WORKS: 
1003 MARQUETTE BUILDING. 427 NORTH {3th STREET. 





MANNESMANN TUBE WORKS, 








MANUFACTURERS OF 


Seamless Rolled Tubes for Gases, Compressed Air, Etc., 


UNDER HIGH PRESSURE. 





Tested and approved by the highest authorities and Governments of Europe and 
America. 

Each Tube is carefully tested, and a Government Test Certificate is furnished with 
each Tube. Representatives :— 


CHAS. G. ECKSTEIN & CO. 
45 VESEY STREET, - - - NEW YORK. 
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Do You Roast Your Ores? 
» LOU CAN SAVE... 


FUEL, COST OF REPAIRS AND LAROR, 
The Kopp Straight Line Furnace, 


FOR SALE BY 


PARKE & LACY CO., 


2! & 23 Fremont Street, San Francisco, Cal. 














SOLE LICENSEES. CATALOGUE UPON APPLICATION. 


gai TIE NASON” AIR-HODST 


.. CYLINDERS... | 


For use in conjunction with Compressed Air. 











Made in sizes of from 2 in. to 8 in. inside diameter, with lift of hoist 
from two to ten feet. 


CONTRACTORS FOR 


The Installation of Pneumatic Hoisting Apparatus. 


- SAFE, SIMPLE AND RELIABLE... 








Correspondence Solicited. 


NASON MANUFACTURING CO., 


71 BEEKMAN STREET, NEW YORK. 
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™ PULSOMETER 
“The Contractor’s Friend.” 


OFTEN IMITATED—NEVER EQUALED. 
OVER 20,000 IN USE. 





Recent Important Improvements. 


The Handiest, Simplest and Most Efficient Steam Pump for 
General Low Service Mining, Quarrying, Railroad, Irrigating, 
Drainage, Coal-washing, Tank-filling, Paper Mill, Sewer and Bridge 
Contractors’ Purposes, etc., etc. 





Muddy or gritty liquids handled without injury to the Pump. 





PULSOMETER STEAM Pump Co. 


Catalogue on Application. | Correspondence Solicited. 


135 GREENWICH STREET, NEW YORK. 
W. A. CROOK & BRO.’S CO., 


Manufacturers of 


mproved HOiSting Engines, 


FO PILE DRIVING, RAILROADS, BRIDGE 
BUILDING, MINES, QUARRIES, COAL 
vvvvyvr’’ HOISTING anp BUILDING PURPOSES. 


BUILT ON THE DUPLICATE PART SYSTEM. 








OVER 350 SIZES AND STYLES, 
Log Hauling by Steam and Suspension 
Cableways. 
BOSTON OFFICE: 
47 Pearl Street, cor. Franklin, 
MAIN OFFICE AND FACTORY: 
117-123 Poinier Street, Newark,N.J —| 


SALESROOM : : 
143 Liberty Street, = New York. 
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—ON ADMIRALTY AND WAR OFFICE LISTS.— 


&MANNESMANN TUBE Cz Le 


LanDorRE R.S.0. SouTH WALES. 


LARGEST MANUFACTURERS OF WELDLESS STEEL TUBES. 
SPECIALLY ADAPTED FOR HIGH PRESSURES. > STEAM,GAS AND|E 


HYDRAULIC TUBES 
AND 
BORING BARS 


OV TTT RAG 
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se Cen apninors 





CYCLE TUBES 





D. B. McILWAINE, 


SOLE AGENT FOR AMERICA, 


NEW YORK OFFICE: 


122 Chambers Street, New York. 
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CAMERON STEAM PUMPSs. . 


Simple, 
Compact, 
Durable, 
Effictent. 


NO OUTSIDE VALVE GEAR. 
















ADAPTED TO EVERY POSSIBLE DUTY. 


MANUFACTURED BY 


THE A.S. CAMERON STEAM PUMP WORKS, 


Foot East 23d Street, New York. 
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ARTESIAN WELLS 


RUST’S SYSTEI. 


We have saved our Customers over 
ee $5,000,000 — rr” 
In Water Bills. 


Our System is Reliable, Economical and Satisfactory. 


WRITE US FOR FULL PARTICULARS. 


Rust Well Machinery Co., Ithaca, N Y. 


COQ 


THE 


ENGINEERING 
MAGAZINE 


AN INDUSTRIAL REVIEW 


' The Engineering Magazine has been aptly described as 
. * The Century of the industrial world and the Review of 
Reviews to engineering literature —the two in one.” Its 
leading articles treat the subjects uppermost in importance 
» jn industrial affairs. Its contributors include the foremost 
. men of oyr times. It gives each month an. exhaustive 
s Review and Index to the wold-wide range of technical 
literature — American, English, French, and German. It 
, is read in every nook and corner of the civilized world. It 
is founded upon the idea of meeting the requirements of the 
busy and brainy men who manage, think, and plan for the 
% engineering. architectural, electrical, railroad, mining, and 
% mechanic-! industries. It has a larger bona-fide circu- 
lation among such men than has ever been attained by an 
g engineering journal in all the history of industrial literature. 
% It is priceless to the active man who needs to keep in touch 
s with current developments. Its every page carries a hving 
interest for intelligent readers who are in any way con- 
cerned with modern industrial enterprises. Its subscnbers 
§ are its warmest advocates and the Magazine itself is its 
best solicitor. Sample copy /ree 


30 Cents a Number; $3.00 a Year. 
THE ENGINEERING MAGAZINE, 
= 420-122 Liberty St., New-York, U.S.A. 
NAPE AANA RN 
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Compressed Air. 


Practical information upon Air-Compression 
and the Transmission and Application 
of Compressed Air. 


By FRANK RICHARDS. 12mo, cloth, $1.50 


John Wiley & Sons, New York. 


Se ee a it ee di 


HERTFORD C. CHAMP, 
MECHANICAL ENGINEER, 


AND ELECTRICAL 
Pneumatics, Hydraulics, 


Generation and Distribution of Power. 
CORRESPONDENCE INVITED. 


322 East 15th Street, - - New York. 
w~eesrnaern Os OOoOsOOOrO™*t*— IO" 


Patents, Trade Marks, Designs. 


Searches as to Novelty; Reports on Infringements; 
Patent Matters Exclusively; 15 Years Experience. 
Refers to Publishers this Magazine. 
FRANKLAND JANNUS, 
Attorney-at-Law, Atlantic Bld., Washington, D. Cc. 


Always have Title Examined before Investing in 
Patent Property. 
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HOGAN WATER TUBE BOILERS 
































PERFECT IN DESIGN, 
*“AINONOSS NI daSsSVdaNsNn 














Always give entire satisfaction. Combines every desirable feature in 


boiler construction and design. 


SAFE, EFFICIENT, DURABLE, FREE FROM SCALE on heating 
surfaces. Has POSITIVE and CONTINUOUS CIRCULATION. Need 


no feed water heaters or steam separators. 


Delivers all steam above the water line. 


The WATER LINE is STEADIER than can be found in ANY 
OTHER WATER TUBE BOILER. 


Manufactured by . 


HOGAN BOILER COMPANY, MIDDLETOWN, N. Y. 
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'@ STEAM AND AIR DRILL HOSE A SPECIALTY. 
THE MANHATTAN be nescence 
RUBBER MF’G CO. 





Steam Packing, 
Pump Valves, 
Air Compressor Valves, 


Rubber 
Belts, 
Car y 
Springs, 4% 
Gaskets, 


Suction 
Hose, 
Emery Wheels, 


ALL KINDS OF MECHANICAL RUBBER COODS. 


Factories: General Office and Salesroom : 
Passaic, N. J. (onD.L.&W.R.R.) 64 CORTLANDT ST., NEW YORK. 


SENO FOR ILLUSTRATED CATALOGUE. 





FRANK CAZENOVE JONES, 
PRE8’T AND GEN’L M’G’R, 
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| ELECTRIC BLASTING APPARATUS. 


Adapted for All Kinds of Explosives used in Blasting. 


VICTOR ELECTRIC PLATINUM FUSES. 


ly. 










Blasting Batteries : J 


ay Leading ¢ = 
* el onnecting Wires, 
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Caps, 
Fuse, 
Ete. 
= eee ian ured : t 
Se Only by os 
JAMES MACBETH 8x. Co.. 
Send for Catalogue. 128 Maiden Lane, New York City. 
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=~ Air Compressors 


WITH COMPOUND 
AIR CYLINDERS AND 
RECEIVER- 
INTERCOOLER. 


This design gives 10 to 15 per 
cent. increased efficiency over the 
common type of air cylinders. 


eo;| ROCK DRILLS. 

ee! CHANNELERS. 

i. — __-* COAL CUTTERS. 
~~ THE POHLE AIR LIFT PUMP, 


™" INGERSOLL-SERGEANT to” 
JUST ISSUED 
Catalogue No. Q 


CLAYTON 
Air Compressors 


And mailed FREE on application. 


Special Air Compressors for all R.R. Car Shop Use. 


CLAYTON AIR COMPRESSOR WORKS, 


26 Cortlandt St.. NEW YORK. 














